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(57)Abstract: 

PROBLEM TO BE SOLVED: To easily evaluate an even- 
functional aberration of the projection lens of an aligner by 
applying illumination light to a reticle for evaluating aberration 
that is arranged on a resist via an illumination optical system, and 
then evaluating a transfer pattern that is transferred to the resist 
by a projection optical system corresponding to the reticle for 
evaluating aberration. 

SOLUTION: A reticle for evaluating aberration with a two- 
dimensional frequency pattern being arranged in a checkered 
lattice shape for satisfying the conditions of 2 1 /2.X {NA.( 1 -6)} 
<m.P<101/2.A/{NA(l+8)} (X: wavelength of illumination light, 
NA: numerical aperture of projection lens, 6: size of coherence 
factor of illumination optical lens, P: period of reticle for 
evaluation aberration, m: reduction magnification of reticle for 
evaluation aberration) is used. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely; 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION \ . 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the aberration evaluation 
method of the projection lens of an aligner that drawing of a projection lens is used for difficult 
manufacture of a semiconductor device, from an aligner especially with respect to the aberration 
evaluation method of the projection lens of an aligner. 
[0002] . 

[Description of the Prior Art] When problems, like the configuration of a pattern which produces a 
focal difference with the sense of a pattern where a focus changes in the exposure field where the 
location of an imprint pattern is distorted according to the aberration of the projection lens carried 
in the aligner is distorted manufacture a semiconductor device and go with high integration of a 
semiconductor device, it has been actualizing gradually. 

[0003] For this reason, it is indispensable to high-performance-izing of the aligner towards 
development of a future semiconductor device, or prediction of whenever [ lithography process 
addiiional coverage ] to develop the technology of evaluating the aberration of a projection lens to 
high degree of accuracy. 

[0004] Generally, the method which used the interferometer is used for aberration measurement of 
a lens. This builds the main part of a lens into the interior of an interferometer, and measures the 
amount of aberration from distortion of the obtained interference fringe. 

[0005] However, this is the evaluation method which is carrying out the premise for a lens simple 
substance taking and separating, and when it is difficult to remove a lens from the main part of an 
aligner, it cannot be carried out. 

[0006] Therefore, about the projection lens of the aligner used in order to produce a semiconductor 
device, it is necessary to measure the aberration in the condition of imprinting. In such a case, the 
amount of aberration must be evaluated from an imprint pattern. 

[0007] Various methods are proposed as a method of measuring current and the projection lens 
distortion of an aligner, and it is used for actual evaluation. As typical aberration, spherical 
aberration, astigmatism, comatic aberration, image surface curvature aberration, and distortion 
aberration are mentioned. 

[0008] As the evaluation method of comatic aberration, application JP,1,B [Japanese Patent 
Application No. 9-305917] is effective. This evaluation method will measure the relative amount 
of location gaps after the imprint produced between a big pattern and a detailed periodic pattern 
for comatic aberration, and will follow this amount of location gaps as the guide of the amount of 
comatic aberration. 

[0009] Moreover, the evaluation method shown in reference 1 [SPIE Vol.1463 (1991), p.282] to 
astigmatism or image surface curvature aberration is effective. By this evaluation method, since 
astigmatism is the phenomenon in which a best focus location shifts by the difference in the 
direction of a pattern, the maximum of the focal difference in a 2-way and the direction of 
astigmatism which intersect perpendicularly the pattern located in a line in the 4 of a direction 
directions the direction of 0 times, the direction of 45 degrees, the direction of 90 degrees, and 135 
degrees from observation of the exposure pattern which shifted the focus gradually are measured. 
Moreover, it is applied also to measurement of image surface curvature by measuring the focal 
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center in four directions all over an exposure field. 

[0010] On the other hand, if it is going to use these aberration evaluation results for anticipation of 
the lithography process window by computer count etc., it is necessary to relate an aberration 
evaluation result with the numeric representation in the definition based on some aberration styles, 
and to express it. 

[001 1] As the evaluation method of aberration of having paid one's attention to this trouble, 
invention-in-this-application persons proposed application JP,2,B [Japanese Patent Application 
No. 10-37473]. The lighting coherence at the time of exposure and the length of one period of a 
periodic pattern were chosen, and it is enforcing the above-mentioned aberration evaluation 
method etc., it became possible to associate simply the specific wave aberration and the specific 
aberration evaluation result of a location of a lens, and this has realized qiiantitive measurement of 
the amount of aberration (the amount of sum total aberration of comatic aberration, spherical 
aberration, and astigmatism) expressed by the Zernike expansion into series. 

[0012] When the evaluation method of the aberration shown in application JP,2,B is used, the odd 
function-aberration represented by comatic aberration is measured as an amount of strike slips of a 
pattern, without being dependent on a focal location, and has the advantage that sensitometry is not 
influenced by the magnitude of a pattern, either. 

[0013] However* in order that the even function-aberration represented by astigmatism and 
spherical aberration may measure a focal location correctly, the difficulty exists in measurement of 
even function-aberration for the following reasons. 

[0014] In carrying out continuation exposure by the micro step and measuring a best focus location 
with the optical microscope of dark field, changing a focal location gradually, an exposure field 
becomes large, so that the resolution of a focus is increased. However, the error of the focal 
location by image surface curvature or wafer surface smoothness becomes large, so that an 
exposure field spreads. 

[0015] Moreover, in reducing the count of exposure and measuring a best focus location from the 
line breadth measurement by length measurement SEM, in order fitting [ a secondary function ], in 
order to raise the accuracy of measurement, it is necessary to increase the number of point of 
measurement, and the measuring time becomes long. 

[001 6] On the other hand, amendment of the aberration of a low degree is performed in layout of 
the projection lens of today's aligner by means to give high order aberration intentionally. If it does 
not measure to accuracy to high order aberration, it is becoming impossible therefore, to say that it 
is enough in aberration evaluation of the projection lens of today's aligner. 
[0017] In order to evaluate the aberration of a low degree, the wave aberration of the 
circumference portion of a projection lens must be measured; It passes the periphery of a 
projection lens, and since image formation of the diffracted light is carried out, the measurement 
using a detailed pattern is as enough as it as a pattern detailed for that. Here, since it is narrow, 
when measuring a best focus location from the definition of a pattern, highly precise measurement 
is possible for the focal tolerance to a detailed pattern. 

[0018] On the other hand, in order to evaluate high order aberration, the wave aberration inside a 
projection lens must be measured. It is necessary to measure aberration in this using a to some 
extent big pattern. 

[0019] However, since focal tolerance spreads rapidly as the size of a pattern becomes large, 
measurement of the best focus location using a big pattern tends to become incorrectness 
extremely. This makes difficult evaluation of even function-aberration, such as astigmatism which 
must measure a focal location correctly, and spherical aberration. 
[0020] 

[Problem(s) to be Solved by the Invention] Although it needed to measure to accuracy to high 
order aberration in aberration evaluation of the projection lens of today's aligner like since 
the big pattern which is a pattern with focal large tolerance needed to be used for evaluation of 
even function-aberration, such as astigmatism and spherical aberration, about even function- 
aberration, there was a problem that evaluation of high degree of accuracy was difficult. 
[0021] This invention was made in consideration of the above-mentioned situation, and the place 
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made into the purpose is to offer the aberration evaluation method that the even function- 
aberration of the projection lens of an aligner can be evaluated simple. 
[0022] 

[Means for Solving the Problem] A main point of [configuration] this invention is to use what has 
a two-dimensional period pattern which fulfills predetermined conditions as REKUCHIRU for 
aberration evaluation, and which has been arranged in check grid. 

[0023] In order to attain the above-mentioned purpose, namely, an aberration evaluation method 
concerning this invention (claim 1) By irradiating illumination light through an illumination-light 
study system at REKUCHIRU for aberration evaluation arranged on a resist, and evaluating an 
imprint pattern imprinted by said resist according to projection optics corresponding to said 
REKUCHIRU for aberration evaluation It is the aberration evaluation method of evaluating 
aberration of a projection lens of said projection optics. Magnitude of a coherence factor of NA 
and said illumination-light study system for numerical aperture of lambda and said projection lens 
mho, [ wavelength of said illumination light ] When a period of said REKUCHIRU for aberration 
evaluation is set to m, a contraction scale factor of P and said REKUCHIRU for aberration 
evaluation as said REKUCHIRU for aberration evaluation It is characterized by using what has a 
two-dimensional period pattern which fulfills conditions of 21/2 and lambda/{NA(l-mho)} <-m- 
P<=101/2, and lambda/{NA (1+mho)}, and which has been arranged in check grid. 
[0024] According to research of [operation] this invention persons, predetermined conditions as 
REKUCHIRU for aberration evaluation, Magnitude of a coherence factor of NA and an 
illumination-light study system for numerical aperture of lambda and a projection lens Namely, 
mho, [ wavelength of illumination light ] When a contraction scale factor of P and REKUCHIRU 
for aberration evaluation is set to m, a period of REKUCHIRU for aberration evaluation If what 
has a two-dimensional period pattern which fulfills conditions of 21/2 and lambda/{NA(l-mho)} 
<-m-P<=101/2, and lambda/{NA (i+mho)}, and which has been arranged in check grid is used It 
turned out that even function-aberration of a projection lens of an aligner can be evaluated simple 
from observation of an imprint pattern so that it might explain in full detail with a gestalt of a 
gestalt of the following operations. Therefore, according to an aberration evaluation method 
concerning this invention which used what fulfills the above-mentioned predetermined conditions 
as REKUCHIRU for aberration evaluation, even function-aberration of a projection lens of an 
aligner can be evaluated now simple. 
[0025] 

[Embodiment of the Invention] Hereafter, the gestalt (henceforth an operation gestalt) of operation 
of this invention is explained, referring to a drawing. 

[0026] Drawing 1 is the plan showing REKUCHIRU for aberration evaluation used for aberration 
evaluation of the projection lens of the projection optics of the aligner concerning 1 operation 
gestalt of this invention. Moreover, drawing 2 is the plan showing the diffraction pattern on the 
resist at the time of irradiating the illumination light of the illumination-light study system of an 
aligner through REKUCHIRU for aberration evaluation of drawing 1 at a resist. 
[0027] as [ exist / although the diffracted light in the usual periodic pattern is distributed at equal 
intervals / since.the diffracted light by REKUCHIRU for aberration evaluation shown in drawing 
I , i.e., the two-dimensional period pattern arranged in check grid, becomes the conditions 
mutually negated by the specific order of diffraction (m, n) / only in the specific order of 
diffraction as shown in drawing 2 / the diffracted light ] - two-dimensional it is distributed. 
[0028] For this reason, an imprint pattern can be formed only by the five diffracted lights by 
choosing the period (P) of a check grid pattern appropriately to the numerical aperture (NA) of a 
projection lens. The conditions for forming an imprint pattern only by these five diffracted lights 
are ranges expressed with a formula (1). 
[0029] 

21/2 and lambda/{NA(l-mho)} <=m-P<=101/2, and lambda/{NA (1+mho)} 
"(1) 

Here, in the numerical aperture of a projection lens, and mho, the magnitude of the coherence 
factor of an il lumination-light study system and m express the contraction scale factor of 



Page 4 of 6 



RJEKUCHIRU for aberration evaluation, and P expresses [ the wavelength whose lambda is the 
illumination light, and NA ] the period of REKUCHIRU for aberration evaluation. m-P shows the 
period of the check grid pattern imprinted on the resist, and only calls periodic m-P a period P 
hereafter. 

[0030] The relation between a period P and magnitude mho of a coherence factor is shown in 
drawing 3 . The slash section in drawing is the field which fulfills the conditions shown in a 
formula (1). 

[0031] Moreover, the situation of the pattern imprint when fulfilling the conditions of a formula 
(1) to drawing 4 is shown typically. Among drawing, in the coherence factor of an illumination- 
light study system, and 2, REKUCHIRU for aberration evaluation and 3 show the outgoing 
radiation pupil of a projection lens, and 4 shows [ one ] the imprint pattern, respectively. 
[0032] The first greater than signs of a formula (1) are conditions for a part of four diffracted lights 
except the diffracted light passing through a lens center not to exist in the outside of lens 
numerical aperture, and the 2nd greater than sign is conditions for any diffracted lights other than 
the five diffracted lights not to exist inside lens numerical aperture. 

[0033] For example, in NA=0.6 and a lambda= 0.248-micrometer aligner, when mho is set as 0.3, 
the check grid pattern whose P/2 is 0.45 micrometers fulfills the conditions of a formula (1) and 
mho is further set as 0.15, it turns out that the check grid pattern whose P/2 is 0.35 micrometers, 
0.45 micrometers, and 0.55 micrometers fulfills the conditions of a formula (1). 
[0034] Since only the five diffracted lights have contributed, it is considered by the image 
formation on the resist of the check grid pattern shown on condiiion that a formula (1) to make a 
pattern distorted or only for the wave aberration in five fields on the exit pupil 3 which the five 
diffracted lights pass to generate a location gap on the occasion of image formation. 
[0035] If especially the amount of wave aberration in the field along which it passes by each 
diffracted light considers that it can represent with the amount of wave aberration in a center 
position, it is important for it about aberration evaluation to investigate the deformation condition 
of the relative relation and the imprint pattern at the time of the amount of wave aberration in these 
five points. 

[0036] It is convenient measurement if you use for general aberration measurement the aberration 
expression which used the Zernike polynomials. The Zernike polynomials are a normal orthogonal 
polynomial and each item is equivalent to each aberration, respectively. Moreover, like the 
aberration in a common lens, when various aberration is included intricately, there is an advantage 
which can be expressed by the linear combination of each term. 

[0037] It is expressed with an amount (rho, theta). the Zernike polynomials each aberration — 
sitting in a circle on an exit pupil — The aberration expressed with the function of isotropic 
aberration (sequence of defocusing + spherical aberration), and theta for every degree of theta 
(sequence of tilt + comatic aberration), The sequence of the aberration (sequence of astigmatism) 
as which the function of 2theta is expressed, and the aberration expressed with the function of 
3 theta, sequence of the aberration expressed with the function of 4theta — It can divide into each 
sequence. 

[0038] Especially the term corresponding to defocusing is expressed on the secondary curved 
surface about parabolic R, and the term corresponding to the tilt showing the parallel displacement 
of a pattern is expressed in the inclined plane. 

[0039] Here, if the relative relation of the amount of wave aberration in the point which the five 
diffracted lights mentioned above pass is investigated, when spherical aberration exists, for 
example, this wave aberration of five points exists also on the parabolic side of arbitration. That is, 
the pattern deformation and distinction at the time of defocusing cannot perform pattern 
deformation by spherical aberration. 

[0040] Moreover, when comatic aberration exists, this wave aberration of five points exists also on 
the inclined plane of arbitration. Therefore, it is only carrying out a parallel displacement like a tilt, 
and comatic aberration is not made to transform a pattern. 

[0041] Thus, when all aberration was examined, it has checked that all aberration other than the 
sequence of astigmatism influenced only in an operation equivalent to defocusing or any of a tilt. 
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namely, ****** — the aberration which brings about pattern deformation [ like ] is only the 
sequence of astigmatism. 

[0042] It can be said that the check grid pattern which the aberration made to transform a pattern is 
astigmatic **, therefore fulfills the conditions of a formula (1) is suitable as REKUCHIRU for 
aberration evaluation of astigmatism when the check grid pattern which fulfills the conditions of a 
formula (1) is imprinted from the above examination. 

{0043] If a check grid pattern is imprinted using a positive resist, the hole pattern 5 as shown in 
drawing 5 will be formed. When astigmatism exists in a proj ection lens, deformation of a pattern 
as shown in drawing 6 to the amount of defocusing generates this hole pattern 5. 
[0044] Therefore, in the pattern exposed oh the conditions which changed the focal location, if the 
size of the hole pattern in the direction of **45 degree is measured and a difference is checked to 
the direction where a pattern is located in a line in the direction of +45 degree, and the direction of 
-45 degree, it can check that there is astigmatism in this projection lens. 

[0045] As shown in drawing 7 , there are two kinds of astigmatism (astigmatism (0 degree / 90 
degrees), +45 degrees / -45 degrees) of astigmatism expressed by the Zernike polynomials. 
[0046] It turns out that deformation takes place only to astigmatism (0 degree / 90 degrees) among 
astigmatism in the case of the check grid pattern [ like ] 6 which inclined 45 degrees as shown in 
drawing 8 (a), and it is not influenced by the astigmatism which is +45 degrees / -45 degrees. On 
the other hand, in the case of the check grid pattern 7 as shown in drawing 8 (b), pattern 
deformation takes place only to astigmatism (+45 degrees / -45 degrees) on the contrary. 
[0047] Therefore, it is possible to measure independently astigmatism (astigmatism (0 degree / 90 
degrees), +45 degrees / -45 degrees), respecti vely by preparing two kinds of check grid patterns 6 
and 7 shown in drawing 8 . 

[0048] then — actually — computer count - pattern deformation was expected. Oblateness epsilon 

was defined for the magnitude of deformation as follows at that time. 

[0049] 

epsilon=(L+45-L-45)/(L+45+L-45) - (2) 

Here, it is L+45 and L-45. As shown in drawing 9 , it is the size of the diagonal line of an'imprint 
pattern. 

[0050] The defocusing dependency of the reduction of area which it is as a result of count is 
shown in drawing 10 . Z6 The magnitude of astigmatism (+45 degrees / -45 degrees) is expressed. 
Thus, oblateness epsilon shows a linear change to defocusing, and oblateness epsilon becomes 
zero in a best focus. Moreover, even if it is the same amount of aberration, when light exposure is 
different, slopes of a line differ. 

[0051] This slope of a line not only changes with light exposure, but changes with the periods of a 

check grid pattern in the condition that the four diffracted lights other than the diffracted light 

passing through a lens center overflowed into the outside of an exit pupil 3. 

[0052] However, when all of the five diffracted lights depended inside an exit pupil 3, when it 

standardized with the value shown by the formula (3), as oblateness epsilon was shown in drawing 

1 1 , it turned out that it does not depend oh light exposure but a slope of a line becomes fixed 

[0053] 

{(L+45+L-45)/P2} 2 - (3) 

In addition, epsilon 1 in drawing 1 1 is the oblateness after standardization. 

[0054] Thus, two or more conditions of defocusing can be changed, the check grid which fulfills 
the conditions shown in a formula (1) can be exposed, and the amount of astigmatism can be 
calculated from the rate of change to defocusing of oblateness by measuring the oblateness at this 
time. 

[0055] By the conventional method of measuring a best focus location, a pattern must change a 
focal location gradually by the micro step from the focal location of the maximum which carries 
out separation resolving, and the focal location of a minimum, and must be exposed to 
continuation. 

[0056] At this time, to a big pattern, since focal tolerance is large, by the conventional method, the 
number which sets up the variation of a focus more greatly or is exposed must be increased. 
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However, since measuring power worsened in this case or the error of substrate display flatness or 
the focal location by image surface curvature became large, highly precise measurement was 
impossible. 

[0057] On the other hand, the evaluation method of the astigmatism by the oblateness of this 
operation gestalt can estimate astigmatism as a slope of a line from the measurement result 
(measurement result of oblateness) of the pattern which the fraction exposed. 
[0058] That is, as shown in drawing 12 , straight lines other than a zero which cross a horizontal 
axis by the way are obtained, it asks for this intersection from a slope of a line, and difference 
deltaL of this intersection and zero for which it asked usually becomes the amount of astigmatism 
from the measurement result of oblateness. Moreover, a best focus location can be obtained as a 
focail location in case ellipticity becomes zero. 

[0059] Since the sensitivity of oblateness to astigmatism is high, the amount of astigmatism and 
best focus location which were obtained in this way serve as a value with a high precision, even 
when a large pattern is used. Moreover, since this evaluation method calculates the amount of 
astigrhaitism from difference deltaL of an intersection and a zero, it has the advantage which can 
also disregard a focal error. 

[0060] On the other hand, in evaluating spherical aberration, it prepares first two kinds of check 
grid patterns which fulfill the conditions of a formula (1) and with which periods differ mutually 
as REKUCHIRU for aberration evaluation. Next, about each of these check grid patterns, 
oblateness is measured in at least two different focal locations, and it asks for the straight line 
which shows the focal location dependency of ellipticity. And as shown in drawing 13 , the 
amount of spherical aberration is calculated from difference delt^L' of an intersection with the 
horizontal axis (focal location) of two straight lines on which the focal location dependency of 
such two oblateness is shown. 

[0061] In addition, this invention is not limited to the above-mentioned operation gestalt. For 
example, although the above-mentioned operation gestalt explained the case where the check grid 
pattern formed by the square pattern is used as REKUCHIRU for aberration evaluation, this 
invention is effective even when the check pattern which consisted of rectangles, the check gridj 
pattern which consisted of squares for which the angle as shown in drawing 14 was round, or the 
check grid pattern which consisted of circles shown in drawing 15 is used. The pattern of both a 
negative and a positive is shown in drawing 14 and drawing 15 . In addition, in the range which 
does not deviate from the summary of this invention, it deforms variously and can carry out. 
[0062] 

[Effect of the Invention] As explained in full detail above, according to this invention, the even 
function-aberration of the projection lens of an aligner can be evaluated now simple by using what 
has the two-dimensional period pattern arranged like a predetermined condition ****** check grid 
as REKUCHIRU for aberration evaluation. 
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